Résumé. 2014 La détermination expérimentale de la partie imaginaire de la fonction de réponse des excitations magnétiques à q = 2 kF a été réinterprétée. La dependences. This fact, together with the observed similarity between 03C1/T and Im ~(2 kF), has triggered the development of a theory based on existing treatments for the intra-chain electron-electron interactions modified by phonon pseudo-gap effects. Parameters for electron-electron and electronphonon couplings have been derived from a fit with the data of Im ~(2 kF) and the static susceptibility at selected pressures and temperatures. This study shows the importance of both electron-electron and electron-phonon interactions in the electronic properties of TTF-TCNQ. Moreover, it reconciles the large magnetic enhancement with the structural phase transition properties. 
1. Introduction. -High pressure measurements [1] have had a strong impact on the experimental study of the electronic properties of the conducting charge transfer salts of the TTF-TCNQ family. In particular, the very large pressure coefficients found in a variety of physical properties suggested the inability of the one-electron theories to provide a proper understanding of the static susceptibility and resistivity [2] . On one hand, the importance of the intra-chain Coulomb interactions in explaining the magnetic properties of TTF-TCNQ has been emphasized by several authors [3, 4, 5] . Moreover, inclusion of interchain Coulomb coupling is compatible with charge density (CD) phase transitions [6, 7, 8] . However, the important room temperature effects observed in the NMR relaxation rate of TTF-TCNQ, which will be discussed in the next section, are difficult to understand with just these Coulomb interactions.
On the other hand, conventional Peierls treatments using a phonon mediated electron-electron interaction happen to be fairly consistent with the existence of structural phase transitions, but have been unable so far to provide a satisfactory explanation of the magnetic properties.
The purpose of this paper is to propose a theoretical support, combining both electron-electron and electron-phonon interactions, to the structural properties and the reinterpretation of the magnetic properties of TTF-TCNQ. In section 2 we develop the experimental background required for the theoretical model treated in section 3. The results are discussed and limits set to the validity of the model in the following sections.
2. Experimental détermination of Im Z(2 kF). - Cooper [9] has recently drawn attention to the fact that, when corrected for the effect of thermal expansion, the temperature dependence of the constant b-axis resistivity is strongly reduced from the observed ~ T2.3 law at atmospheric pressure. The actual constant volume resistivity along the h-axis has been derived in some detail by Friend et al. [10] . It [11] . The main experimental feature of this article is a non-trivial constant volume temperature dependence of Im x(2 kF) since, as shown in [11] , C2 is strongly pressure dependent.
We shall now develop the procedure we have used to achieve the constant volume reduction. Reproduced on figure 1 [12] . Below (---) . Data of reference [10] have been used in this figure, 03C3 (60 K)/03C3 (300 K) = 25. A typical value of Im X(q)/(gPB)2 hw in a normal metal should lie around 5 eV-'. the 13C relaxation rate for the TCNQ chain [13] and the temperature dependence of the proton relaxation rate in TTF-TCNQ (D4) samples for the TTF chain [14] . This is justified since it has been demonstrated [11] that at low temperature the dominant relaxation mechanism is that coming from the q = 2 kF spin excitations. We have drawn in figure 1 the temperature dependence of Im x(2 kF) for two volume that of 300 K and that of 60 K. The b-axis parameter decreases by 2.3 % between 300 K and 60 K. This corresponds to the application of a 5 kbar pressure at room temperature [10] . Therefore, the 300 K and 60 K values of the v(60 K) temperature dependence are directly inferred from experiment. For the temperatures in between, we proceeded in the following way. It can be noticed that the pressure dependence of Im x(2 kF) and the resistivity are similar at ambient temperature, typically [10] On figure 1, we [16] and NMR [17] determinations, and secondly, because it has been suggested [18] that the resistivity could be of magnetic origin in these 1-D conductors, leading precisely to p/T ~I m x(2 kF). Explanation of the resistivity is still controversial. We only make use of the analogy between pressure and temperature dependence of the resistivity and C2, setting and otherwise following the procedure already used for the derivation of the constant-volume temperature dependence of the resistivity [10] .
We now wish to comment on the curves of figure 1. There is no doubt that Im x(2 kF) exhibits a maximum' in its intrinsic temperature dependence, the maximum on the 300 K [6] , Parquet [19, 20, 21] , or renormalization group [22, 7, 8] treatments indeed yield considerable spin density response enhancement in such cases. These are, however, divergent at low temperatures. This divergence can conceivably be prevented by the appearance of a pseudo-gap. We eliminate the possibility of a SD pseudo-gap, such as predicted by a 1-D Ginzburg-Landau theory, because we believe it is incompatible with the observed Peierls transition. The Parquet or Solyom renormalization group approaches seem much more suitable since they predict low temperature divergence in both SD and charge density (CD) responses, the former being dominant for repulsive intra-chain electron interactions. The maximum in the Im x(2 kF) constant volume curves cannot be explained by inter and intra-chain Coulomb forces only, within first order renormalization theory [7] . Second order renormalization can, however, predict such a maximum [8] . But it is our feeling that the ensuing constant volume temperature profile, whose maximum is governed by the weak backward-scattering inter-chain Coulomb interaction, is not so readily reconciled with figure 1 and especially the important room temperature effects. Moreover" the validity of second order renormalization theory is challenged by a number of people [23, 24] . The above considerations, plus the obvious involvement of phonons in the structural transition, lead us to focus on phonon mechanisms as a probable cause of the pseudogap. We thus adopted a strictly 1-D model Hamiltonian with both electron-electron repulsion and electron-phonon interaction.
Pseudo-gap effects have been studied in the absence of Coulomb interactions [25, 26, 27] . The effect of phonons in thé presence of these interactions has been discussed by several people [6, 19, 21] , but not in the context of pseudo-gaps. In the case of TTF-TCNQ, which has a Debye temperature OD ~8 0 K, the static approximation [6, 27] can be used to great advantage for the temperature range of figure 1 . The effect of the electrons on the phonons is reduced, in this limit, to the random phase approximation to the phonon propagator :
where Do --2/OD is the bare phonon propagator, g is the electron-phonon interaction, and N(k) is the CD response of the electron gas at wave number k.
The feed-back effect of the phonon on the electrons is not so simple. The correction to x(2 kF) and N(2 kF) to first order in g2 is of the self-energy type. This suggests using the Migdal approximation to'the selfenergy [6, 27] for the non-interacting gas to the same tight binding quantity [6] where TF is the Fermi energy. We thus propose to replace EF by 4 [30] . The bandwidths are also compatible with the thermopower measurements in TTF-TCNQ [15] . It [32] We thus believe that, under these high pressure conditions, the phonon contribution to the resistivity might be as important as the resistivity of unknown origin p;, the temperature dependence of the constantpressure resistivity approaching the linear power law. An upper limit to the electron-phonon coupling constant can thus be derived from the high pressure resistivity since [33] all factors being taken at 30 kbar. With the use of aplaT = 10-6 03A9 cm. K-1 [32] figure, show the same magnitude although the maximum is shifted roughly by 100 K towards the lower temperature. The position of the maximum, here as in the constant volume curves of figure 2, does not seem too reliable and should not be taken too literally. Figure 5 nevertheless tends to support the proportionality relation between Im x(2 kF) and p/T already mentioned in the introduction.
It now seems proper to discuss the limit of validity of our theoretical model. Towards the low temperature side, the static approximation used for the phonons might be expected to break down whenever T 0D [6, 27] , whereas interchain tunnelling effects, leading to a three dimensional band picture, come into consideration when h/Tv = tl [1, 11] [7] . In the region of the phase diagram above 15 kbar, the pressure increase of the single phase transition, asid-e from longitudinal lock-in considerations, can possibly be explained by an enhancing effect of the forwardscattering interaction between stacks of different nature [7] . In [43] . The volume dependence and the scréening of g, and g2 will be discussed in a forth-coming publication [44] . 5 . Conclusion. -Even though the bare 4 kF response function has been estimated by Lee et al. [7] , the exact nature of the non-logarithmic screening at this wave number eludes the Parquet approach and prevents any numerical estimates being made.
In conclusion, the proposed approach which combines summation of Parquet diagrams and phonon pseudo-gap effects does reconcile several crucial aspects of the physics of TTF-TCNQ :
i) large enhancement of magnetic response, ii) strong volume dependence, iii) existence of an intrinsic maximum in the constant volume temperature dependence of Im x(2 kF), even though the phase transition occurring at low temperatures are of the CDW-PLD type, iv) a decrease of x(0) by a factor of 2 from 300 K to 60 K.
